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An adaptive finite element method is developed to solve initial boundary value problems for vector systems of parabolic partial
differential equations in one space dimension and time. The differential equations are discretized in space using piecewise linear
finite element approximations. Superconvergence properties and quadratic polynomials are used to derive a computationally
inexpensive approximation to the spatial component of the error. This technique is coupled with time integration schemes of
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are used to control an adaptive mesh refinement strategy. Refinement is performed in space, time, or both space and time
depending on the dominant component of the error estimate. Levels of refinement are determined automatically based on the
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An adaptive finite element method is developed to solve initial boundary value problems for vector systems of parabolic partial
differential equations in one space dimension and time. The differential equations are discretized in space using piecewise linear
finite element approximations. Superconvergence properties and quadratic polynomials are used to derive a computationally
inexpensive approximation to the spatial component of the error. This technique is coupled with time integration schemes of
successively higher orders to obtain an approximation of the temporal and total discretization errors. The stability of several
mesh equidistribution schemes for time-dependent partial differential equations is studied. The schemes move a finite difference
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Several medium and high strength alloys, including AF1410, Inconel 718, PH 13-8 Mo stainless steel, and ASTM A723 high strength low
alloy steel, have been heat treated to various strength and toughness levels and evaluated for correlations between fracture toughness and
Charpy impact energy. The correlations investigated included those by Rolfe-Novak and Ault-Wald-Bertolo.  Previous work by Kapp and
Underwood suggests that for A723 steel, the Rolfe-Novak correlation predicts the fracture toughness reasonably well. One potential
limitation of their study was that the Charpy impact energy was measured at -40°F, whereas the toughness was evaluated at room
temperature. This study evaluates Charpy impact energy and toughness at both room temperature and at -40°F and considers both when
utilizing these correlations. Results of this study indicate that the Rolfe-Novak correlation overpredicts the measured fracture toughness
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the results presented in this study, it is recommended that if a correlation is necessary for estimating the toughness of any of these materials,
the Ault-Wald-Beriolo correlation will result in a conservative estimate of toughness.
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13. ABSTRALY (Maximum 200 words)

Fatigue life tests were performed with notched bend specimens of ASTM A723 steel with three types of residual stress
treatments and resulting residual stress: shot peening, hole swaging, and tensile overload. The three treatments produced widely
different depths and surface values of residual stress near the notch root and different fatigue lives depending mainly on the
notch root surface value of compressive residual stress. The highest life was measured from overload specimens, which had
both the deepest and the highest surface value residual stress distribution. Fracture mechanics-based calculations of fatigue
life agreed well with measurements. The calculations accounted for the following factors that affect fatigue life: the crack
growth properties of the material; the shallow surface-crack configuration; the applied loading; and the depth and surface
magnitude of the residual stress distribution. A consistent description of fatigue life was obtained from a AK versus calculated
life plot, where the AK is for a shallow crack near the notch root and in the region of compressive residual stress. A power-law
relationship between AK and fatigue life agreed well with the results from both the untreated notches and those with the three
types of residual stress, indicating that fatigue life predictions could be made with some confidence for tests under generally
similar conditions.
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If  is the profile or radius function for a surface of revolution and r, is the polar radius function, a quasi-geodesic path on the
surface can be defined by the generalized Clairaut relation rSinw=r,, where w is the meridional angle. An inequality involving
rr,r,r,,and r,’ is derived. The global satisfaction of this inequality guarantees the windability of the path on a convex (r"<0)
surface by a filament winding machine. If the surface is concave anywhere (>0) and a more well known "clinging" inequality
is also satisfied, windability is also guaranteed. By "windable" we mean that the winding data produced from the path represents
a single-valued function and that the wound filament does not bridge. In addition to this new windability criterion, simplified
methods for generating quasi-geodesic paths and properly scaled winding data are also presented.
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Emission spectroscopy appears to adequately screen noncritical standard stock metals with their wide constituent tolerances. For this work,
the Angstrom model V-70 direct reading vacuum emission spectrometer was used to perform computer-assisted chemical characterization
of gun steel materials. The development of multi-element calibration data, spectral interference corrections, matrix interference corrections,
and system operating condition corrections are discussed. Unfortunately, even fully optimized emission spectroscopy completely fails to
chemically characterize critical service intensive metals, such as gun steel, with their narrow constituent tolerances. For gun steel, the
respective required concentration ranges (weight percent), required precisions at 95 percent confidence (weight percent), and achieved
precisions at 95 percent confidence (weight percent, optimized emission spectroscopy) are: carbon = 0.30 to 0.38, 10.01, £0.02; nickel
= 2.00 to 3.50, $0.05, £0.10; phosphorus = 0.001 to 0.014, +0.001, +0.002; sulfur = 0.001 to 0.012, +0.001, +0.003; chromium = 0.80 to
1.20, 10.05, £0.10; manganese = 0.50 to 0.70, 10.02, 10,06; molybdenum = 0.40 to 0.60, +0.02, 10.03; vanadium = 0.080 to0 0.120, $0.005,
10.030; silicon = 0.15 to 030, £0.01, £0.02; aluminum = 0.001 to 0.010, $0.001, 10.005; and titanium = 0.001 to 0.015, £0.001, +0.017.
Optimized emission spectroscopy inadequately characterizes gun steel to the desired level of precision. Although they are more time-
consuming, inductively coupled plasma and carbon/sulfur analyzer benchmark methods are strongly recommended for all future gun steel
material analyses due to their very desirable levels of precision.
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This report considers the efficient solution of the following problem: given pressure travel shape data for a particular round,
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13. ABSTRACT (Maximum 200 words)

It is a well-known fact that the propellant temperature of a round of ammunition affects the dynamics of a cannon and thus
the trajectory of the projectile. As the propellant temperature varies, its burn rate also varies. A faster buming propellant
increases projectile velocity, thus affecting range, accuracy, and penetrating capability for kinetic energy projectiles. Muzzle
deflections during firing are related to projectile velocities, which in turn relate to the propellant temperature. Therefore, it
is necessary to establish a more accurate estimate of the propellant temperature at the time of ignition to account for and
minimize muzzle deflection. This report outlines a theoretical approach that can be used to develop an emulator design. An
experiment conducted to validate the theoretical approach is also discussed.
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13. ABSTRACT (Maximum 200 words)

Fracture tests were performed with carbon/polymer laminates and analyzed for the purpose of developing translaminar fracture toughness
test and analysis procedures. Notched specimens were tested on two types of symmetrical layups, quasi-isotropic [0/45/90] and [0/90};
two carbon fiber/epoxy materials, a relatively brittle T300 fiber/976 epoxy and & tougher AS4 fiber/977-2 epoxy; two laminate thicknesses,
2.mm and 4-mm; and three specimen configurations, the standard three-point bend and compact configurations, and an extended compact
specimen with arm height-to-specimen width ratio of 1.9. Stress and displacement expressions were obtained for the extended compact
specimen, including those for stress intensity factor, K, and crack-mouth opening displacement, V, in terms of relative notch length, a/W,
and for a/W in terms of V. Relationships for the bending stresses that control self-similar and off-axis cracking for the extended compact
specimen wege also derived.

Damage was characterized in the tests, including that associated with arm breakage in the standard compact specimen and load-point
damage in the bend specimen. Two types of notch-tip damage were characterized using radiography, that which extends perpendicular
to the notch in predominantly 0° fiber layups, and that which occurs shead of the notch in quasi-isotropic and 90° fiber layups. The applied
K at maximum load, K_,, determined in a way that took sccount of the effective crack growth up to the maximum load point, was used
as a measure of fracture toughness. For deviations from the linear P-V plot comresponding to AW < 0.04, K, gave consistent
measurements of fracture toughness. This criterion also excluded tests with damage of the type that violates the basic concept of fracture
toughness measurement, including the arm breakage and load-point damage noted in the tests. Plots of K, versus As/W showed increasing
resistance to crack growth for quasi-isotropic layups and constant resistance to crack growth for predominantly 90° fiber layups.
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13. ABSTRACT (Maximum 200 words)

Conventional tank battles are an important aspect of current and future warfare techniques. Even though our mechanized
weaponry is extremely accurate, we should not embrace the mindset that the best in tank gun accuracy has been achieved. We
can should embrace the mindset that the best in tank gun accuracy has been achieved. We can and should do more! The *fleet
zero’ concept brought about by the downsizing trend in today’s army means that zeroing exercises will be conducted for the
entire fleet using only a few tanks and gun tubes. The contribution of individual tubes to a tank’s accuracy is no longer
determined. Therefore, for the concept to work, variability in tube-to-tube manufacture (or more importantly the variability
that contributes to accuracy) must be minimized or accounted for through the use of computer simulation. This report presents
a comprehensive study into the relationship among the characteristics of gun tubes, projectiles, gun mounts, and ballistics and
their effect upon dynamics at the muzzle and shot accuracy. The data is provided from the dynamic index tube test conducted
in the early 1990s. Modelling is performed using Benét’s gun vibration model and a recently purchased gun vibrations code.
The overall goal is to provide aiming point correction factors based upon system dynamics and an empirically determined exit
jump offset for a specific round and ballistic load. In this type of analysis, the values of uncertain or unknown parameters are
randomly drawn from an expected statistical distribution. Therefore, a given distribution of input values results in a distribution
of output responses having its own characteristics. The likelihood that a response occurs is cast in terms of a probability
distribution. For the test data used and the analysis run, fifty percent of the samples show promise for the use of this semi-
elliptical method of shot impact prediction. Further study including more rounds and gun tubes is recommended with the intent
of gaining improved accuracy across the full family of rounds for the M1A1 tank.
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13. ABSTRACT (Maximum 200 words)

Sections of canmon tubes with inner radius of 53, 60, and 78 mm were cycled from near zero to 100 to 300 MPa intemal pressure until
fatigue failure occurred. The failure locations were along 2-mm holes cut through the cannon wall at a 30° angle to the tube axis, for the
purpose of evacuating combustion gases from the cannon after firing. The cannons had various amounts of autofrettage by overstraining,
including 0, 30, 50, and 100 percent. The amount of overstrain affected both the initiation position of the fatigue crack along the evacuator
hole and the measured fatigue life. Increasing the amount of overstrain moved the crack initiation from the tube inner radius toward a mid-
wall position and significantly increased fatigue life.

Fracture mechanics and solid mechanics-based calculations of fatigue life were performed for comparison with the measured lives. The
calculations gave a good description of the measured life, taking account of tube configuration, applied pressure, amount of overstrain, stress
concentration of the hole, crack size and shape, material fatigue crack rate behavior and yield strength, and pressure in the hole and on
the crack surfaces. As with measured fatigue life, the calculated life was significantly affected by the amount of autofrettage of the tube.
The ratio of outer-to-inner radius of the tube and the presence of pressure in the evacuator hole also had substantial effects on the calculated
fatigue life.
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The charge and discharge cycles of the 155-mm gun bore evacuator have been investigated at the Rensselaer Polytechnic
Institute (RPI) High Pressure Shock Tube and Steady-State Flow Facilities. To test the charge and discharge phases in the high
pressure shock tube, a 65 percent scale model of the bore evacuator is installed on the end of the shock tube. Thin plastic
diaphragms are placed over the evacuator charge and discharge ports. The pressure behind the Mach 1.89 incident shock wave
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Experimental and theoretical investigations into filament would composite gun barrels were performed. A technique for calculating the
elastic strains that develop as a result of gun barrel manufacture and field use is presented. Numerical results were obtained for several
cases. They show that a significant residual stress state will exist because of the filament winding processing technique. Furthermore,
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In this report, the effects of ion implantation on two kinds of electroplated chromium have been studied. Both hard chromium and low
contraction chromium were plated onto samples of 4340 grade steel and subsequently implanted with N;* or Ar* at atom energies of 75
keV. The dose was varied from 9.4 x 10" t0 3.1 x 10" atoms/cm® and the implantations were conducted at both room temperature and
500°C. SIMS and AES analyses, Knoop microhardness, and pin-on-disk wear testing were used to study the effects of ion implantation
on the surface properties of the chromium plating.

The greatest improvement in the properties was observed for the nitrogen implantations. In general, the hardness, wear, and friction
properties improved with an increasing nitrogen dose. For both kinds of chromium, the nitrogen implantation resulted in a 50% reduction
in the coefficient of friction and a measurable decresse in the wear rate. At the intermediate doses tested, some of the samples implanted
with nitrogen at elevated temperature showed improved friction and wear properties compared to the room temperature samples implanted
at the same condition. The elevated temperature implantations also appeared to decrease the hardness of the bulk chromium. For the room
temperature, nitrogen implantations, the hardness was increased three times that of the unimplanted hard chromium and slightly less than
twice that of the unimplanted low contraction chromium. At the highest dose tested, the maximum nitrogen concentration reached
approximately 40 at% for both the room and elevated temperature conditions.
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Two types of ASTM A723 steels have been investigated for their low cycle fatigue behavior (less than 10* cycles to failure). Specimens
were tested in four-point bending, both with and without notches, and the measured fatigue lives were compared with those predicted by
Neuber noich analysis (classic and elastic/plastic remote applied loading), and standard fracture mechanics life prediction techniques.
Comparison of measured and predicted lives indicates that the elastic/plastic Neuber analysis underpredicts the measured fatigue life by
as much as 67 percent at large strains, and becomes a better predictor of life as the applied strains decrease. The elastic Neuber analysis
also underpredicts the measured fatigue lives by 45 percent at large applied strains, but seems to accurately predict lives at reversals-to-
failure greater than 100. The fracture mechanics approach assumes elastic stresses at the crack tip, and predicts lives within 30 percent
over the full range of strains investigated.

The results show that the Neuber notch analysis is not as good an indicator of the low cycle fatigue behavior of A723 steels as is the
fracture mechanics life prediction technique. As the life cycles-to-failure decreases, the Neuber analysis predicts lives that are two to three
times more conservative than those experimentally measured. Since the fracture mechanics approach and the elastic Neuber approach are
fully elastic stress-based, one can conclude that for this class of steels, an elastic-based life predictions technique works even through we
are believed to be in a plastically-dominated regime.
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This work describes a response to the need for a practical non-destructive method of measuring the thickness of culverts in situ
established at the New York State Department of Transportation. The proposed method will provide data to realistically
evaluate the remaining safe lives of the culverts. The technique developed uses the ultrasonic pulse-echo technique with
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A systematic study of the rate of convergence for a numerical box-counting and a numerical correlation integral algorithm
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treated previously. In order to generalize

techniques. From a model proposed by Frankel, Abbate,

of plastic deformation was derived, and the experimental dependence of
we saw that the effect of residual stress on measured hardness stems from the effect of stress on the onset of plastic

measured as a function of radial position using various hardness testers. Each of the hardness testers
load to indent the sample surface to measure its hardness. The residual stress of the sample was measured using ultrasonic
and Scholz, the relationship between the residual stress and the onset
R on residual stress was shown. From previous work

The stress distribution in the wall of a hollow steel cylinder that had been autofrettaged varies from compressive at the inside
diameter to tensile at the outside diameter. The question of how the Rockwell-C (R¢) hardness varies with residual stress was
the previously developed concepts, in this report the hardness in the wall was

used a different applied
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deformation: plastic deformation is delayed and hardness is increased for a compressive residual stress, and plastic deformation
is enhanced for a tensile residual stress, therefore the measured hardness is decreased. From this work, we see that the effect
is detectable for the tests using larger loads, R¢ and Rockwell-D (Rp), and becomes washed out for the tests using lower loads
(i.e., less total plastic deformation). The Rockwell-A (R,) and the Microdur® testers using Vickers indenters did not show the
hardness dependence on residual stress. We point out that (a) Rockwell-C and Rockwell-D hardness tests on gun steel should
be done with an awareness that residual stress can affect the results, and (b) careful Rockwell-C and Rockwell-D tests can be
used to obtain residual stress distribution.
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The first known gun barrel thermochemical erosion modeling code is presented. This modeling code provides the necessary missing
element needed for developing a generalized gun barrel erosion modeling code that can provide analysis and design information that is
unattainable by experiment alone. At the current stage of code development, single-shot comparisons can be made of either the same gun
wall material for different rounds or different gun wall materials for the same round. This complex computer analysis is based on rigorous
scientific thermochemical erosion considerations that have been validated in the reentry nosetip and rocket nozzle community over the last
forty years. The 155-mm M203 Unicannon system example is used to illustrate the five module analyses for chromium and gun steel wall
materials for the same round. The first two modules include the standard gun community interior ballistics (XNOVAKTC) and nonideal
gas thermochemical equilibrium (BLAKE) codes. The last three modules, significantly modified for gun barrels, include the standard rocket
community mass addition boundary layer (TDK/MABL), gas-wall chemistry (TDK/ODE), and wall material ablation conduction erosion
(MACE) codes. These five module analyses provide recession, temperature, and heat flux profiles for each material as a function of time
and axial position. In addition, this output can be coupled to FEA cracking codes. At the peak heat load axial position, predicted single-
shot thermochemical wall erosion showed uncracked gun steel eroded by a factor of one hundred million more than uncracked chromium.
For chromium plated gun steel, with its associated crack profile, it appears that gun steel ablation at the chromium cracks leaves
unsupported chromium, which is subsequently removed by the high-speed gas flow.
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13. ABSTRACT (Maximum 200 words)

The wavelet transform is applied to the analysis of ultrasonic waves for improved signal detection and analysis of the signals.
In instances where the mother wavelet is well defined, the wavelet transform has relative insensitivity to noise and does not need
windowing. Peak detection of ultrasonic pulses using the wavelet transform is described and results show good detection even
when large white noise was added. The use of the wavelet transform to extract the frequency dispersion relation of the Lamb
wave velocity is also described. The two-dimensional wavelet transform allows for both time and frequency analysis, thus making

it particularly suitable for dispersion studies. Experimental and numerical results show the superior performance of the wavelet
transform signal processor.
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13. ABSTRACT (Maximum 200 words}

The metal plating industry is constantly looking for better online procedures to monitor critical process constituents and increase plating
quality and efficiency. The advantages of online monitoring include direct sampling, process control, bath quality control, data processing,
hazardous waste monitoring, chemical reclamation monitoring, and chemical additions. These advantages reduce costs, manpower, and
downtime, and improve quality. Three new online titration procedures were developed, tested, and evaluated for the monitoring of sulfuric
acid, Cr(IlI), and Fe(IIl) in chromium plating solutions. Likewise, one new online titration procedure was developed, tested, and evaluated
for the monitoring of Fe(Il) in electropolishing solutions. These methods were developed at Benet Laboratories and were tested at
Brinkmann Instruments, Inc. (Westbury, NY). In general, these four new online procedures from above are Cr(VI) reduction then ion-
selective potentiometric, direct colorimetric, Cr(VI) reduction then complex-formation colorimetric, and direct redox titrations, respectively.
The optimum operating tolerances of these four chemical species are 2.5 o 3.5 g/L, 0 t0 7.5 g/L, 0 to 7.5 g/L, and 0 to 7.5 g/L,
respectively. The first chemical constituent is purposely added, while all other constituents are unwanted low alloy steel plating process
by-products. Chromium plating solutions also contain 230 to 270 g/L chromic acid. Electropolishing solutions also contain 640 to 730
g/L phosphoric acid and 795 to 895 g/L sulfuric acid. Critical low concentration chemical constituents in the chromium plating process
are rapidly monitored using these online titration procedures. These new procedures nearly equal precision and bias of previous offline
procedures. The precision, bias, and reliability of these new procedures should be further tested and evaluated for at least a year before
adoption. These new online procedures marginally-to-adequately determine critical low concentration constituents in chromium plating
process solutions.
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13. ABSTRACT (Maximum 200 words)

Calculations of the likelihood of a safe, yield-before-break fatigue failure and of the expected mean fatigue life at various locations of the
155-mm XM?297 cannon tube are described. Yield-before-break calculations are based on the fracture toughness and yield strength
propeties of two types of ASTM A723 steel. The mean fatigue life calculations are performed for muzzle brake and baore evacuator holes,
the evacuator and mount interface notches, the coolant channels, the coolant entry ports, the thread sector notches, and the chamber inner
radius. Effects of pressure, autofrettage residual stress, local residual stress, and notch depth and root radius are accounted for in the
calculations. Comparisons are made with measured mean fatigue lives from recent hydraulic pressure safe service fatigue life tests of
similar cannon tubes. Environmental cracking in areas of coolant access is also assessed. Based on the life calculations and comparisons
with mean life from tests, two sets of notches on the tube outer diameter and the coolant channels at midwall are identified as locations
of minimum expected mean fatigue life for the cannon tube. Recommendations are given to accomplish an increase in mean fatigue life
at these locations.
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13. ABSTRACT (Maximum 200 words)

The current investigation deals with a solution to the age-old problem of bolt loosening due to excessive vibration and shock loading.
Traditionally, this problem is solved by using some combination of pressure washers and especially designed bolts. In the present work,
these traditional measures were found inadequate for the problem at hand (the 120-mm M285 system), and the problem was solved by using
a combination of inserts and bolt-head wiring. The report also advances some ideas on the nature of the bolt-loosening mechanism.
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13. ABSTRACT (Maximum 200 words)

Four high strength materials, ASTM A723, PH 13-8 Mo, AF 1410, and Inconel 718, were evaluated for the Regenerative Liquid Propellant
Gun (RLPG) Program. Experimental heat treatments, mechanical property tests, and environmentally-assisted cracking tests were conducted
as part of this investigation.

Environmentally-assisted cracking tests were conducted with constant-displacement bolt-load modified compact specimens in XM46 liquid
propellant (LP) at both ambient and slightly elevated temperatures (175°F). The duration of testing was six months and five hours,
respectively. Tests were conducted with the solution refreshed at regular intervals and also with the solution unchanged for the duration
of testing.

Environmentally-assisted cracking test results indicated that no macroscopic crack extension took place in any of the materials tested in
both ambient and slightly elevated temperature (175°F) XM46 LP. Because no macroscopic cracking took place, a valid Kizac value could
not be determined. Hence, none of the materials tested were highly susceptible to XM46 LP for the given test conditions. However, some
of the six-month ambient temperature tests conducted on A723 and an experimental heat treatment of AF 1410 showed evidence of
microcracking. This environmental attack indicated the potential susceptibility of those materials in XM46 LP.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Regenerative Liquid Propellant Gun, XM46 Liquid Propellant, High Strength Materials, 34

Environmentally-Assisted Cracking, Stress Corrosion Cracking, Mechanical Properties 16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION ]19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED _ UL

NSN 7540-01-280-5500 : 5S tandard Form 2un (Fev 2-b%,

Pregimbed by 2%% o PR ok

29%.1C2




Form Approved

REPORT DOCUMENTATION PAGE Fo o

Pubiic reporting purden for this cotiection of information s estimated tc average ° hour per resporse, INciuding the time for review ng INSTTUCLICNS. 5637CN.NG ex:3LING 831a sources,
gathering and maintaining the data needed, and completing and reviewng the coliection of information. Send comments regarding this burden est ™ate or an, Sther aspect of Ty
collection of information, including suggestions for reducing this buraen. t¢ Washington Headauarters Services, Directorate for information Ooeraticns ana Repors, 1215 jetfersor

Davis highway, Suite 1204, Artingion, VA 22202-4302. and to the Office of Management and Budget. Paperwork Reduction Project (0704-0188), Wash.rgzor 0 23503

1. AGENCY USE ONLY (Leave blank) 2. REPOR? DATE 3. REPORT TYPE AND DATES COVERED
August 1995 Final
4. TITLE AND SUBTITLE S. FUNDING NUMBERS
INDUCED OVERLOAD RESIDUAL STRESSES

IN EX35 MULTI-LUG BREECH RING AMCMS: 6111.02.H611.1

6. AUTHOR(S)
S.L. Lee, M.J. Glennon, A. Gabriele

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
U.S. Army ARDEC REPORT NUMBER
Benét Laboratories, AMSTA-AR-CCB-O ARCCB-TR-95036

Watervliet, NY 12189-4050

9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBEFR
U.S. Army ARDEC
Close Combat Armaments Center
Picatinny Arsenal, NJ 07806-5000

11. SUPPLEMENTARY NOTES
Presented at the ASME Pressure Vessel & Piping Conference, Honolulu, Hawaii, 23-27 July 1995. Published in the Conference
Proceedings. .

12a. DISTRIBUTION " AVAILABILITY STATEMENT 12b. DISTRIBUTION CGTL

Approved for public release; distribution unlimited

13. ABSTRACT (Maximum 200 words)

An exploratory prototype multi-lug breech block/ring assembly was designed for future projectile launchers. The new geometry
redistributes the applied load to several surfaces rather than one surface in conventional breech to react the load. Induced
residual stresses from shot peening and overload processes improve fatigue life of the system. In this work, experimental x-ray
diffraction residual stress mapping was performed in the lugs of the unaffected portion of a 50 percent overloaded multi-lug
breech ring that was fatigue tested to failure. Finite element modelling of a two-dimensional cross section of the breech
block/ring assembly was performed using ABAQUS codes on a Convex C-220 computer. Comparisons of experimental residual
stresses and finite element analysis (FEA) predictions showed good agreement in the major features of residual stress
distribution, especially in the front lug. While FEA predicted the general characteristics of experimental residual stress
distribution, experimental residual stresses were deeper and less compressive.
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14._SUBJECT TERMS

We present interpolating functions which have three orders of differentiability at each (convex) data point. These functions
are defined as piecewise conics and are therefore guaranteed to be convex in the case of (strictly) convex data. The modifier
"affine” refers to the fact that we make no use of Euclidean distance or angle in the discussion. We also include a discussion
of numerical differentiation using conics. The nodal derivatives for the conic splines satisfy a locally quadrivariate quadratic
system solved by Newton iteration--each iteration involving the solution of a pentadiagonal linear system. Initial values for
Newton iteration are obtained by the aforementioned conic numerical differentiation. A discussion of numerical quadrature
based on conic splines is also included, as well as a discussion of what we refer to as "sketched” interpolation, which makes use
of the mathematical machinery behind conic differentiation and local C* conic splines. Sketched interpolation is more generally
applicable than global C* conic splines are, as well as being computationally simpler, more flexible, and smoother in a local
pointwise sense. This apparent increase of smoothness beyond C® is obtained through a process of re-sketching during the
construction of the interpolant. Sketched interpolants reproduce conics with or without re-sketching. This is to say that if the
discrete data comes from a conic, all the points of the sketched interpolant will lie on that conic.
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Calculations of firing stress at several locations of the 120-mm M121 mortar baseplate were made based on available strain gage data.
Measurements of fracture toughness were performed for seven weld and heat-treat conditions of the 4130 steel used for the baseplate.
Calculations were made of the ratio of applied K to the critical K for fracture for various combinations of firing stress and material
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The thermal oxidative stability of Fiberite 7714A (glass/epoxy), 976 (carbor/epoxy), and 977-2 (carbon/epoxy) was studied at temperatures
up to and above their respective glass transition temperatures. Composite samples weze subjected to both short- and long-term heating.
The first set of samples was heated for 4-6 hours from 100 to 350°C, and the second set of samples was cycled for 30-minute intervals
from 200 to 400°C.

The samples were tested in a Perkin-Elmer TGA7 Thermogravimetric Analyzer and weight loss recorded. Weight loss data were compared
based on temperature and time at temperature. The results showed good thermal stability for each epoxy material through its glass
transition temperature with a weight loss of 1.5% or less. The results were comparable for both long- and short-term temperature exposure.
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